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(57) Abslnu-l: A syslcm lor rjdiully 
expanding luhuUir moniln^i^i (18) includes 
an expansion device (14) and a vibniiory 
device thai |»eneralcs vibratory energy 
Tor agitalinj; al least one of the expansion 
device (K>> and/or the expand:ible tubular 
member (IK). 



7 V 



BEST AVAIUBLE COPY 



wo 2004/053434 A3 lilllBlilllliiiilliilinilliilll 



liurjsian |>alcm (AM, A/. BY, KCi, K/. MIX RU, TJ, I'M ). 
l-umpcan paicni (A1\ BH, BG. CM. CY DK. liU, 

lis. i-i. i-R.ciB. c;rjiu. Hi, n. i.u. mc. ni., in, ro, si*, 

SI, SK. TR). OAIM palcnl (Bl . BJ, CI-. CXi. CI. CM. OA, 
C.N. (ig. GW. MK, MR. Nli, SN. I D. TG). 

IX^cluralicm under Kulc 4.17: 

— ofim^cutorshif* {Hule 4. l7{iv))for US only 

Fublislicd: 

— tvith mtenutiionul semrh report 



— before thr rjcpimtion of thr time limit for imtriuiitii* the 
fiaiws tnui to he ntptthlished in thr went of refript of 
ttmrmlments 

(88) Ihilc of pubtkulmn itf iUc Inlornaf iuniil .scarrh rcporl: 

26 August 2(MM 

For two-leitenuules aitd otIiF.r abhre\'iations, refer to the "Ouitl- 
ance Notes <wi CotSes aitJ Abbreviations" appraiinf* at thehe^in- 
iHHjf of e{u:h regular isstte of the Gazette. 



INTERNATIONAL SEARCH REPORT 



International appUcatkm No. 



PCTAJS03/38550 



A. CLASSinCATION OF SUBJECT MATTER " 

IPC(7) : E21B 43/10. 28/00. 29/10 

US CL 166/207, 380. 177.6 
According to Interaalional Patent aa ssification nPO or to bothnatiopal cla ssification and IPr 
D. FIELDS SEARCHED " 

Minimum documentation searched (classiCLcation system followed by dtassification symbols) 
U.S. : 166/207. 380, 177.6. 55.1, 277, 384, 206-217. 242.2 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Hectronic data base consulted during the international search (name of data base and. where practicable, search terms used) 
EAST: vibrator, tubular, expansion, frequency 



C, DQCUMEOTS CONSIDERED TO BE RELEVANT 



Category * 



X,P 

Y 
X 



A 
A 



Citation of document, with indication, where appropriate, of the relevant passages 



WO 03/064813 Al (e2TECH LIMITED) 7 August 2003 (07.08.2003), pages 3-18. 



US 4.384.625 A (ROPER et al) 24 May 1983 (24.05.1983). column 6, lines 50-54, figure 
US 4,204,312 A (TOOKER) 27 May 1980 (27.05.1980), column 2, Imes 14-51, figure 1 . 



US 1,166.040 A (BURLINGHAM) 28 December 1915 (28,12.1915), page I, lines 71-91. 
US 6.464.014 Bl (BERNAT) 15 October 2002 (15.10.2002), column 5, Imes 27-41. 



Relevant to claim No. 



1-8,15-37,46-70.79- 
110 



9-16.38-45.71-78 
9-16,38-45,71-78 

1.2,16.25.27,31,32,47 

.56.58.62- 
65.80,89.91.95.102.10 
6-108 

1,31,64,102 

1.31.64,102 



□ 

Further documents are listed in the continuaUon of Box C. Q See pateiU family annex. 



Special categories ct died docQmcatt: 



t dcGmng tbeeeoenl stale of the art whidi is not comidered to be 
of pafttcnlar relevance 

"E* eariier appBcaticn or patent pubUsbed ca or after the imemaUcDal fHing date 

'V document wliich majr ttvow doubts m priority chuaofy') or wluch it died to 
ctxMidk the pubCealiai date of aootbei' dtatioa or other specvd reasoa (as 
spedCeiO 

document referring lo an oral ifisctCBore. use, exhibitiai or other means 

"P" documeot published prior to the iatcinatkoal fUing dste but later than die 
prioflty date daimed 



later documnii pubCsfaed after the hMematiaial (iUng date or priority 
dale and not fai aaflid mth the appGcaticn but cited to vndeistand the 
pricdple or theory nndedyhis the tavcnticn 

docmncnt of particuhr rdevancc; the daimed mvcntkn csnnot be 
ccnsidcicd oovd or caouot be cauldered to Involve an mvealSve step 
w*en the documeot is taken alaoc 



document of pajticular rdevaoce; (be daimed 
coosidcied to involve an inventive step when the 
combmed with ooe or more other such doctimenls, 
being obvious to a persca sldUed in the ait 

dbsument meiubcr cf the came patent family 



caomH be 
ml if 

oombinaliai 



Date of the actual completion of the inteniatlQaal search 

30 March 2004 (30.03,2004) 


Date of mailineof the international search report 

15JUN Z004 


Name and mailing address of the ISA/US 
Mail Stop per. Attn: ISA/US 
CDminissioaer for PatcaU 
P.O. Box 1450 

Alexaixlria. Virginia 22313-1450 
FacsimUe No. (703) 305-3230 


Authorized officer 

David BagneU \}^(^(^^^ 
Telephone No. 703-308-1113 



Form PCT/lSA/210 (second sheet) (July 1998) 



(U) INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) Worid InteDectual Property 
Organization 
Internationa] Bureau 

(43) international Publication Date 
24 June 2004 (24.06.2004) 




PCT 



inniiiiiiiiiiiiiiiiiiiniiiD 

(10) International Publication Number 

wo 2004/053434 A3 



(51) InternaUonai Patent ClasslDcatJon^: 
2m), 29/10 



E21B 43/10. 



(21) International Application Number: 

PCT/US2OO3/O38550 

(22) IntemaUonalFiUngDate: 4 December 2003 (04.12.2003) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

60/431,184 5 December 2002 (05.12.2002) US 

(71) Applicant (for all designated States except US): ENVEN- 
TURE GLOBAL TECHNOLOGY [US/US]; 16200 A 
Park Row, Houston, TX 77084 (US). 

(72) Inventors; and 

(75) Inventors/AppUcants (for US only): D£ LUCIA, Frank 



[USAJSJ; U415 Lakewood Estates, Houston. TX 77070 
(US). SHUSTER, Mark |US/US1; 191 15 Prospect Ridge 
Lane, Houston. TX 77094 (US). WADDELL, Kevin, K. 
[USAJS]; 11007 Spracedale Crourt. Houston, TX 77070 
(US). 

(74) Agent: MATTINGLY, Todd; Haynes and Boone, L.L.P., 
901 Main Street, Suite 3100, Dallas, TX 75202 (US). 

(81) Designated States (national): AE, AG, AL. AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, OA, CH, CN, CO, CR, CU, 
CZ. DE, DK, DM. DZ, EC. EE, BS. H, GB, GD, GE, OH, 
GM. HR, HU, ID. IL, IN, IS, JP, KB, KG, KP, KR, KZ, LC. 
LK, LR, LS, LT. LU, LV, MA, MD, MG, MK, MN, MW, 
MX. MZ, NO, NZ, CM, PH. PU FT, RO. RU, SC, SD. SE, 
SO, SK. SL, TJ, TM, TN, TR. TT. TZ, UA. UG. US, UZ, 
VC, VN. YU. ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (BW, GH, 
GM. KE, I.S, MW, MZ, SD, SL, SZ, TZ. UG, ZM, ZW), 

f Continued on next page) 



(54) Tide: SYSTEM FOR RADIALLY EXPANDING TUBULAR MEMBERS 




in 



O 



18c- 



14«- 




(57) Abstract: A system for radially expand- 
ing tubular members (18) includes an expan- 
sion device (14) and a vibratory device (16) 
that generates vibratory eneigy for agitating at 
least one of the expansion device (16) and/or 
the expandable tubular member (1 8). 



wo 2004/053434 A3 IIDIilliliiiilllllfllWillliiini 



Eurasian patent (AM, AZ, BY, KG. KZ. MD, RU. TJ, TM), 
European patent (AT, BE, BG, CH. CY. CZ. DE, DK, EE, 
ES. n. FR. GB. GR, HU, IE, IT. LU, MC, NL, PT. RO, SE. 
SI. SK. TRX OAPI patent (BF, BJ. CP. CG. Q. CM, GA. 
GN, GQ. GW. ML, MR, NE, SN, TD. TG). 

Declaration under Rule 4.17: 

— of invemorship ( Rule 4, 1 7( iv)) for US only 

Published: 

— with imemational search report 



— with amended claims 

(88) Date of publication of the Intematlonai search report: 

26 August 2004 

Date of publicallon of the amended dalms: 1 6 December 2004 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Cifdes and Abbreviations" af^earing ax the begin- 
ning of each regular issue of the PCT Gazette, 



wo 2004/053434 



PCTAJS2003/038550 



AMENDED CXAIMS 
[received by the Internationa] Bureau on 1 1 August 2004 (1 1.08^004); 
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in the Claims : 

Thb llsflng of daims win repiaoe aH prior versions, and fisUngs, of claims In the 
application. 

1 . (Original) An apparatus for radially expanding and plastically defomiing an expandable 

tubular member, comprising: 

an expansion device movable In the ^cpandable tubular member for radially 
expanding and plastically defbnning the expandable tubular memben 
and 

a vibratory device coupled to the expansion device for generating vibratory 
energy to ^itate at least one of the expandable tubular member and 
the expansion device. 

2. (Original) The apparatus of claim 1 , wherein the expansion device comprises: 

a tapered expansion cone. 
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3. (Original) The apparatus of dsdm 2, wh^n the expana'on device further oomprfees: 

an actuator coupled to the tapered expansion cone for displacing the tapered 
expansion cane fn an axial dtrecOon relative to the expandable tubular 
ntemberJ 

4. (Original) The apparatus of dalm 3, wherein the expansion device furttier comprises: 

a locking device coupled to the actuator fbrfbdng the position of the expandable 
tubular member relative to the actuator durfrig the axial displacement of the 
expansion cone relafive to the expandable tubular member. 

5. (Original) The apparatus of dalm 1 , wherein the expansion device oomprises: 

a rotary expansion device. 

6. (OriglnaO The apparatus of daim 1 , wherein the vibratory de^ce is poslfloned within a 
non-e)q)arKied portion of the expandable tubulsr member. 

7. (Original) The apparatus of dalm 1 , wherein the vibratory device is positioned within an 
expanded portion of the expandable tubular member. 

8. (Original) The apparahjs of daim 1, wherein the vibratory device is positioned within the 
expansion device. 

0. (Original) The apparatus of dabn 1 . wherein the vibratory device oonvrises a plurality 
of vibrakiry devices. 

10. (OriginaO The apparatus of daim 9, wherein at least one of the v^iatory devices Is 
positioned within a non-expanded portion of the expandable tubular member. 

1 1 . (Original) The apparatus of dalm 10, wherein at least another one erf the vibratory ' 
devices is positioned withbi an expanded portion of the expandable tubular member. 

12. (Original) The apparatL^ of daim 10, wherein at least another one of the vibratory 
devices is positioned within the expansion device. 
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t3. (Original) The apparatus of daim 11. wherein at least another one of the vlbratoiy 
devices Is positioned within the expansion device. 

14. (Original) The apparatus of daltn 9, wherein at least one of (he vibratory devices is 
positioned within an expanded portion of the expandat>le tubular mwnber. 

15. (Original) The apparatus of dalm 14, wherein at least another one of the vibratory 
devices Is positioned within the expansion device. 

16. (Original) The apparatus of daim 9. wherein at least another one of the vibratory 
devices is positioned within the expansion device. 

1 5. (Original) The apparatus of daim 1 , wherein the vibratory device comprises: 

a fiuM powered vibratory device. 

1 6. (Original) The apparatus of daim 1, wherein the >dbralory energy cxmiprises: 

vibratory energy in one or more planes. 

17. (Original) The apparatus of daim 16, wherein the vibratory energy comprises: 

vibratory energy having a frequent^ distribution having one or more center 
frequencies. 

18. (Original) Theapparatoof dalm 17, wherein the vibratory energy comprises: 

vibratory energy having a frequency dtetribution having a plurality of center 
frequendes. 

19. (Original) The apparatus of daim 16, wherein the vibratory energy comprises: 

vibratory energy in a plurality of planes. 

20. (Original) The apparatus of dalm 19, wherein the vibratory energy comprises: 

vibratory energy hiaving a frequency distribution having one or more center 
frequendes. 
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21 . (Original) The apparatus of claim 20, wherein the vibratory energy comprises: 

vibratory energy having a frequency distribution having a plurality of center 
fluencies. 

22. (Original) The apparatus of dalm 1 , wherein the vibratory eneigy comprises: 

vibratory energy having a frequency distribution having one or wore center 
frequencies. 

23. (Original) The apparatus of dalm 22, wherein the vibratory energy comprises: 

vibratory energy having a frequency distribution having a plurality of center 
frequencies. 

24. (Original) The apparatus of dalm 1 , wherein the magnitude of the vibratory energy is 

variatrie. 

25. (Original) The apparatus of dalm 1 , wherein the magnitude of the vibratory energy is 

constant 

26. (Original) The apparatus of daim 1 , wherein the plane of the vibratory energy is 

variable. 

27. (Original) The apparatus of claim 1, wherein the plane of the vibratory energy is 

constant 

28. (Original) The apparatus of daim 1, wherein the expandable tubular member comprises 

a welbore casing. 

29. (Original) The apparatus of dalm 1 . wherein the expandable tubular memb^ comprises 

a pipeline. 

30. (Original) The apparatus of dalm 1. wherein the ^(pandable tubular member comprises 

a sirudural support 

31. (Original) A method of radially expanding and pfeistically defonning an expandable 

tutujiar member, comprising: 
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radially expanding and plastically deforming the expandable tubular member 

using an expandon device; a^id 
injecting vibratory energy Into at least one of the expandable tubular member 

and ttie expansion device, i 

i 

: 

32. (Original) Tlie nrtethod of dalm 31, further oomprtsing: 

displacing the expansion device in an axial direcHon relative to the expandable 
tubular member during the radial expansion and plastic defbnnation. 

33. (Original) The method of dalm 32, further comfirtsing: 

fbdng the posidon of the expandable tubular member relative to the expansion device 
during the axial displacement of the expansion device relative to the 
expandable tubular member. 

34. (Original) The m^liod of daim 31 , further comprising: 

rotating the expansion device during the radial expansion and plastic defonnation of 
the expandable tubular member. 

35. (Original) The method of dalm 31 . v/herein the vibratory energy is injected flrom a 
location wKhln a non-expanded portbn of the expandable tubular member. 

36. (Original) The method of daim 31 , wherein the vibratory energy is injected from a 
location within an expanded portion of the e)qDandabie tubular member. 

37. (OriglnaO The method of daim 31 , wherein the vibratory energy is injected from a 
location wttNn the expansion device. 

38. (Original) The meOiod of dsim 31 , wherein tiie vibratory energy is Injected from a 
piurafity of locations. 

39. (Original) The method of dalm 38, wherein at l^st some portion of the vibratory energy 
Is injected from a location within a non-expanded poijtion of the expandable tubular member. 
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40. (Original) The mettiod of dabn 39, wherein at least another portion of the vibratory 
energy is injected from a location within an expanded portion of the expandable tubular 
member. 

41 . (Original) The method of dam 39, wherein at least another portion of the Oratory 
energy is lr\|eQted from a location within the expansion device. 

4Z (Original) The method of claim 40, wherein at least another portion of the vibratory 
eneigy is injected from a location within the expansion device. 

43. (OrlglnaO The method of daim 38, wherein at least some portion of the vibratory energy 
Is Injected from a location within an expanded portion of the expandable tubular member. 

44. (Original) The method of daim 43, wherein at least another portion dl tfie vibratory 
energy Is injected ftom a location within the expansion device. 

45. (Original) The method of daim 38, wherein at least a portion of the vibratory energy is 
injected from a location within the expandon device. 

46. (Original) The method of daim 31 , wherein injecting vibratory energy into at least one of 

the expandable tubular member and the expansion device comprises: 
injecting fluldic materials into the expandable tubular member. 

47. (Original) The method of daim 31, wherein the vfcratory energy comprises: 

vibratory energy In one or more planes. 

48. (Original) The mettiod of daim 47, wherein the vibratory energy comprises: 

vibratory energy teving a frequency distribution having one or more center 
frequencies. 

49. (Original) The m^tiod of daim 48, wherein the vibratory energy comprises: 

vibratory energy having a frequency distribution having a plura% of center 
frequendes. 
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50. (Original) The method of dalm 47» wherein the vibratory enengy comprises: 

vibratoiy energy in a pluraTity of planes. 

51 . (Ordinal) The method of dalm 60, v\rtierein the vibratory energy comprises: 

vibratory energy having a frequency distribution having one or more center 
frequencies. 

52. (Original) The method of claim 51 , wherein the vibratory energy comprises; 

vibratory energy having a frequency distribution having a plurality of center 
frequendes, 

53. (Original) The method of dalm 31 , wherein the vibratory energy comprises: 

vibrato^ energy having a fifaquency distribution having one or more center 
frequencies. 

54. (Original) The method of dalm 53. wherein the vibratory energy comprises: 

vibratory energy having a frequency distribution having a plurality of center 
frequendes. 

55. (Original) The method of dalm 31 , wherein the magnitude of the vibratory energy is 

variable. 

56. (Original) The method of daim 31, wherein the magnitude of the vibratory energy is 

constant 

57. (Original) The method of daim 31 , wherefri the plane of the vibratory energy is variable. 
58* (Original) The method of dalm 31 , wherein the plane of the vibratory energy is constant 

59. (Original) The method of dalm 31, v^erein the expandable tubular member comprises 

a welbore casing. 

60. (Original) The method of daim 31, wherein the expandable tubular member comprises 

a pipeline. 
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61 . (Original) The method of daim 31 , wherein the expandable tubular member comprises 

a structural support 

62. (Original) The apparatie of dalm 1« wherein the vibratory device coupled to the 
expansion device generates vibratory energy to agitate the expandable tubular member and 
the e)4>ansion device. 

63. (Original) Tlie method of^daim 31, further comprising: 

injecting vibratory en^y into the expandable tubular member and the expansion device. 

64. (Original) A system for radially expanding and plasticaiiy defomnlng an expandable 

tubular membert comprising: 

means for radially expanding and plastically defomdng the expandable 

tubular member using an expansion device; and 
means for Injecting vibratory energy into at least one of the exparnlable 
tutHilar member and the expansion device. 

65. (Original) The system of dalm 64, further comprising: 

means for drspladng the e)q;>ansion device in an axial direction relative to the 
expandable tubular member during the radial expansion and plastic 
deformation. 

66. (Original) The system of daim 65. further comprising: 

means for fixing the portion of the expandable tubular member relative to the noeans 
for dispiadng the expansion device during the axial dispiaoement of the 
expansion device relative to the expandable tubular member. 

67. (Original) The system of dalm 64, further comprising: 

means for n>tating the expansion device during the radial expansion and plastic 
defonnation of the expandable tubular member. 

68. (Original) The system of daim 64, wherein the vibratory energy is Injected from a 
location within a non-expanded portion of the expandable tubular member. 
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69. (Original) The system of clabn 64, wherein the vibratory energy is Injected from a 
location within an expanded portion of the expandable tubular member. 

70. (Ordinal) The ^em of daim 64, wherein the vibratory energy Is Injected for a location 
within the expansion device. 

71. (Original) The system of daim 64, wherein the vibratory energy Is injected frpm a 
plurality of locations. 

72. (Original) The system of daim 71, wherein at least some portion of the vibratory energy 
is injected from a location within a non-expanded portion of the expandable tubular member 

73. (OrlglnaO The system of daim 72, wherein at least another portion of the vibratory 
energy is injected Irom a location within an expanded portion of the expandable tubular 
member. 

74. (Original) The system of dafm 72. wherein at least another portion of the vibratory 
energy is iniected from a location within the expansion device. 

75. (Original) Tlie system of daim 73, wherein at least another portion of the vibratory 
energy is hjeded from a location within the expansion device. 

76. (Original) The system of daim 71 , wherein at least some portion of the vibratory energy 
is injected from a location within an expanded portion of the expandable tubular member. 

77. (Original) The system of daim 76, wherein at least another portion of the vibratory 
energy is Injected from a location within the expansion device. 

76. (Original) The system of daim 71 , wherein at least a poriilon of the vibratory energy Is 
irijected from a location within the expansion device. 

7Q. (Original) The system of daim 64, wherein Injecting vibratory energy Into at least one of 
the expandable tubular member and tiie expansion device comprises: 
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Injecting fluldlc materials into the 6)q>andable tubular member. 

80. (Original) The system of daim 64, wherein the vibratory energy comprises: 

vbratory energy In one or nrure planes. 

81 . (Original) The system of dalm 80, wherein the vibratory energy oomprises: 

vibratory energy having a firequenc^ distribution having one or nrK>re center 
frequencies. 

82. (Original) The system of dairn 81 . wherein the vibratory energy comprises: 

vibratory energy having a frequency distribution having a plurality of center 
frequencies. 

83. (Original) The system of daim 80, wh^n the vllMratory energy oomprises: 

vibratory energy in a plurality of planes. 

84. (Original) The system of claim 83, wherein the vibratory energy comprises: 

vbratory energy having a frequency distritiution having one or more center 
frequendes. 

85. (Original) The system of dalm 84, wherein the vibratory energy oompr^s: 

vibratory energy having a frequency distribution having a frfurality of oenler 
frequendes. 

86. (Original) The system of dalm 64, wherein the vibratory energy comprises: 

vibratory energy having a frequency distritMJtion having one or more center 
frequeride& 

87. (Original) The system of dalm 86, wherein the vibratory energy comprtees: 

vibratory energy having a frequency dtetribution havhg a plurality of center 
frequendes. 

88. (Original) The system of dalm 64, wherein the magnitude of the vibratory eneigy is 

variable. 
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89. (Original) The GyGtem of dalm 64, wherein the magnitude of the vibratory energy Is 

consent 

90. (Ordinal) The system of claim 64, wher^'n the plane of the vibratory energy is variable. 

91 . (Original) The system of claim 64, wherein the plane of the vtlwatory energy Is constant. 

92. (Original) The system of dalm 64, whenBin the expandable tubular member comprises a 

welbore casing. 

93. (Original) The system of dalm 64, wherein the expandable tubular member comprises a 

F»peline. 

94. (Original) The system of daim 64, wherein the expandable tubular member comprises a 

structural support.^ 

96. (Original) The system of daim 64, further oon[q}rising: 

means for injecting >rfbratory energy into the expandable tubular member and the expansion 
device. 

96. (Original) The apparatus of dalm 1 9, wherein one of the planes is radial; and wherehi 

another one of the planes is longitudinal. 

97. (Original) The method of dalm SO, wherein one of the planes Is radial; and wherein 

anottier one of the planes is lor^itudinal. 

98. (Original) The system of dalm 83, wherein one of the planes is longitudinal; aid 

wherein another one of the planes is radial. 

99. (Origbiai) The apparatus of daim 1 , further comprising: 

a vibratory device coupled to the expansion device for generating vibratory 
energy to impart rotation to the expan^on device. 
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100. (Original) The method of dalm 31. further comprising: 

injedvig viliratDry energy Into the expan^n device to impart rotation to the 
expansion device. 

101. (Original) The system of dalm 64, further comprising: 

means for injectvig vibratory energy Into the expansion device to impart 
rotation to the expansion de^ce. 

102. (Original) A system for radially expanding and plasticaly defomiing an expandable 

tubular member, comprising: 

means for radiaOy expanding and plastically defonning the expandable tubular 
member; and 

mearw for reducing the required radial expansi^i forces during the radial expansion 
and plastic defbmiafion of the expandable tubular member. 

103. (Original) The apparatus of claim 1, wherein the vibratory device is adapted to impact 

the expandable tubular member. 

104. (Original) The m^od of dalm 31, wherein injecting vibratory energy Into at least one of 
the expandable tubular member and the e)q)an6ion device, comprises: 

Impacting the expandable tubular member. 

105. (Original) The system of dam 64, wherein means for Ir^ecUng vibratory energy into at 
least one of the expandable tubular member and ftie e3q>ansion device, comprises: 

means fbr impacting the expandable tubular member, 

106. (Original) The apparatus dalm 1. wherein the vibratory device Is adapted to impact 

the expansion device. 

107. (Original) The method of d^m 31, wherein injecting vibratory energy into at least one of 
the expandable tubular member and the ^cpansion device, comprises: 

impacting the expansion device. 
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108. (Origlnal)The system of daim 64. wherein means for Injecting vibratory energy Into at 
least one of (he expandable tubular member and (he expansion device, comprises: 

means for Impading the expansion device. 

109. (Original) The method of claim 31, further comprising: 

Inserting the expansion device and the expandable tubular member Into a 

preexisting structure; and 
injecting vibratory energy Into at least one of the expandable tubular member 

and the expansion device during the Insertion. 

110. (Original) The method of daim 31, further comprising: 

removing the expansion device end the expandable tubular member from a 
preexisting stnjcture; and 

injecting vlbraloryenejgy Into at least one of the expandable tubular member 
and the expansion devtee during the lemoval. 

111. (New) An apparatus for radialiy expanding and plastically deforming an expandable 

tubular member, comprising: 

an expansion device movable In the expandable tubular member for radially 
expandbig and plasUcally defonning the expandable tubular memben 
and 

a vibratory device coupled to the expansion device for generating vibratory 
energy to agitate at least one of the expandable tubular member and 
the expansion device: 

wherein the e)q)analon device comprises one or mora extemai arcuate 
spherical surfaces. 

1 12. (New) An apparatus for radially expanding and plastically defomiing an expandable 

tubular member, comprising: 

an expansion device movable in the expandable tubular member for radially 
expanding and plastically defomiing the expandable tubular memben 
and 
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a vibratDry device coupled to the expansion de\4oe for generating vibnatoiy 
eneigy to agitate at least one oT the expandable tubular nrierrd>er and 
the expansion de>rioe; 

wherein the expansion devioe comprises one or more external arcuate 
ellipticdl surfaces. 



1 13. (New) An apparatus for radially e)q)anding and plasticaDy defbmiing an expandable 
tubular member, comprising: 

an expansion device movable In the expandable tubular member for radially 
exparKltng and plastically deforming the expandable tubuter member; 
and 

a vibratory device coupled to the expand de^oe for generating vibratory 
energy to agitate at least one of the expandable tubular member and 
the expansion device; . 

wherein the expansion device comprises one or more external arcuate 
hypeitx)lic surfaces. 



1 14. (New) An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

an expansion device movable In the expandable tubular member for radially 
exparKlIng and plastically defbrmtng the exparxJable tubular memt>er, 
and 

a vibratory device coupled to the expansion device for generating vibratory 
energy to agitate at least one of the expandable tubular menrrt>er and 
the ^<pan^n devioe; 

wherein the expanston device comprises one or more external arcuate 
surfaces that are faceted. 



1 1 5. (New) A method of radlaOy expanding and pidstlcdily deforming an expandable 
tubule member, comprising: 

radially expanding and plastically defcxming the expandable tubular member 

using an expansion device; and 
Neding vibratory enera/ Into at least one of the expandable tubular member 
and the expansion devioe; 
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wherein the expanston devtee comprises one or more external arcuate 
spherical surfaces. 

1 16. (New) A method of radteny depending and plasticany defbmiing an expandable 

tubular member, comprising: 

radially expanding and plastically defbmiing the expandable tubular member 

using an expansion device; and 
Injecting vibratory eneigy into at least one of the expandable tubuter member 

and the expansion device; 
wherein the expansion device comprises one or more external arcuate 

elliptical surfaces. 

1 17. (htew) A method of radially expanding and plastically defonning an expandable 

tubular member, comprising: 

radially expandir^ and plastically defbmiing the expandable tubular member 

using an expansion device; and 
It^Iedlng vibratory energy into at least one of the expandable tubular member 

and the expansion device; 
wtieretn the expansion device comprises one or more external arcuate 

hyperbole sur^ces. 

.118, (New) A metiiod of radially expanding and plasticity defbmiing an expandable 
tubular member; compri^'ng: 

radially expanding and plastically deforming tiie expandable tubdar merhber 

using an expansion device; and 
injecdng vibratory energy into at least one of the expandable tubular member 

and the expansion device; 
wherein the expansion device comprises one or more external arcuate 
surfaces tfiat are faceted. 

1 1 9. (New) An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 



AMENDED SHEET (ARTICLE 19) 



wo 2004/053434 



PCTAJS2003/038550 



an expansion device movable In the expandable tubular member for radiaDy 
expanding and plastically defbnnlng theexpandable hdHd^ 
and 

a vlbratoiy device coupled to 0ie expansion device for generating v9)FalDry 
energy to egitate at least one of the expandable tubular member and 
the expansion device; 

v^ereln the expansion device comprises a rotary expansion device. 

120. (New) A method of radially expanding and plasticaliy defbnning an expandable 

tutHJiar member* comprising: 

radially expanding and plastically deforming the expandable tubular member 
by rotating an expansion device within the expandable tubular 
member; end 

Injecting vibratory energy into at least one of the expandable tubular member 
and the expansion device. 

121 . (New) An apparatus for radially expanding and plastically deforming an expandable 

tubular member, comprising: 

an expansion device movable In the expandable tubular member for radally 
expanding and plastically deforming the expandable tubular member, 
and 

a vibratory device coupled to the expansion device for generating vibratory 
energy to agitate at least one of the expandable tubular member and 
the expansion device; 

wherein the vibratory device Is positioned within an expanded portion of the 
expandable tubular member. 



1 2Z (New) A method of radiaDy expanding and plas&ally defonning an expandable 
tubular member, comprising: 

radially expanding and plastically defonning tiie expandable tubular member 
by using an expansion device within the expandable tubular member, 
and 
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Injecthg vlbratwy enerigy into at least one of the expandable tubular member 
and the expansion device from a locaffon within the radially expanded 
and plastically deformed portion of the expandable tubular member. 

123. (New) An apparatus for radially expanding and plasfioally deforming an expandable 

tubular member, c: Tiprising: 

an expansion device movable In the expandable tubular member for radially 
expanding and plastlcaliy defbrmhig the expandable tubular memben 
and 

a vibratory device coupled to the expansion device for generating vibratory 
energy to agitate at least one of the expandable tubular member and 
the expansion device; 

wherein the vibratory device is positioned within the e)q)anslon device. 

1 24. (New) A method of radially expanding and plastically defonning an expandable 

tubular member, comprising: 

radiany expandkig and plasflcaDy drfomiing the expandable tubular member 
by using an e}q3anston device within the esqiandable tubular memben 
and 

Injecting vibratory energy into at least one of the expandable tubular member 
and the expansion device from a tocatlon within the expansion device. 

1 25. (New) . An apparatus for radially expanding and plastically defomiing an expandable 

tubular member, comprising: 

an expansion device movable in the expandable tubular member for radially 
expandffig and plasiicaily defonning the expandable tubular memben 
and 

a vibratory device coupled to the expansion device for generating vibratory 
energy to agnate at least one of the expandaUe tubular member and 
the expansion device; 

wherein the vibratory device apprises a plurality of vibratory devices. 

126. (New) A method of radially expanding and plasticaily deforming an expandable 

tubular member, comprising: 
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radially axpanding and frfastically deforming the expandable tubular member 
by using an expansion device within the expandable tubular memben 
and 

Injecting vibratory eneigy Into at least one of the expandable tubular member 
and the expansion device from a plurality of discreie spaced apart 
locations. 

127. (New) An apparatus for radially expanding and plastically defonnlng an expandable 
tubular member, comprising: 

an expansion device movable in the expandable tubular member for radially 
expanding and plastically delbmifng the expandable tubular member; 
and 

a vibratory device coupled to the expansion device for generating vibratory 
energy to agitate at least one of the expandable tubular member and 
the expansion device; 

wherein the vibratory energy comprises vibratory energy having a frequency' 
distribution having a plurality of center frequencies. 

12a (New) A method of radially expanding and plastically defbnning an expandable 
tutMjIar memberi comprising: 

radially expandlr^ and plastically defonning the expandable tubular member 
by using an expansion device within the expandable tubular memben 
and 

Iriiecting vibratory energy Into at least one of the expandable tubular member 

and the expansion device; 
wherein the vibratory energy oomfHlses vibratory energy having a frequency 

distribution having a ptunsdity of center frequencies. 

129. (Neiw) An apparatus for radially expanding and plastically defonning an expandable 
tubular member, comprising: 

an expansion device movable In the expandable tubular member for radially 
expanding and plasticaliy defonning the expandable tubular member, 
and 
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a Vibratory device coupled to the ^cpansion device for generating vibratory 

energy to agitate at least one of the expandable tubular member and 

file expansion device; 
wherein the vlbratoiy energy comprises vibratory energy having a frequency 

distribution having a plurality of center frequencies: and 
wherein the vibratory energy comprises vibratory energy In a plurality of 

planes. 

1 30. (New) A n^od of radiafly expanding and plastically defbmiing an expandabfe 

tubular member, comprising: 

radially expandhg arul plastically defomiing the expandable tubular member 
by iQing an expansion device within the expandable tubular member, 
and 

injecting vibratory energy into at least one of the expandable tubular member 

and the expansion device; 
wherein tte vibratory energy comprises vibratory energy having a frequent 

distribution having a pfurailty of center firequendes; and 
wherein the vibratory energy comprises vibratory energy In a plurality of 

planes. 

1 31 . (New) An apparatus for radially expanding and plastically defomilng an expandable 

tubular member, comprising: 

an expansion device movable in the expandable tubular member for radially 
expanding and plastically deforming the expandable tubular member; 
and 

a vibratory device coupled to the expansion device for generating vibratory 
' energy to agitate at least one of the expandable tubular member and 
the expansion device; 
where'm the plane of the vbratory energy is variable. 

132. (New) A method of radl^ expanding and plastically defomiing an expandable 

tubular member, comprising: 
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radially expanding and plastiGally defonmlng the e)q[>andable tubular member 
by u^ an expansion device within the expandable tububr memben 
and 

Injecting vibratofy energy Into at least one of the expandable tubular member 

and the expansion device; 
wherein the plane of the vibratory energy is variable. 

1 33. (New) An apparatus for radially expanding and plasticaliy deforming an expandable 

tubular member, comprising: 

an expansion device movable in the expandable tubular member for mdlally 
expanding and plastically deforming the expandable tubular memben 
and 

a vibratory device coupled to the expansion device for generating vibratory 
energy to agitate at least one of the expandable tubular member and 
the expansion device; 

wherein the Wbratory energy has a center frequency of about 40 Hz. 

134. (New) A method of radially expanding and plastically defbnnlng an expandable 

tubular member, comprising: 

radially expanding and plastically deforming the expandable tubular member 
by using an expansion device within the expandable tubular member; 
and 

injecting vibratory energy Into at least one of the exparKiable tubular member 

and the expansion device; 
wherein the vbrotory energy has a center frequency of about 40 Hz. 

135. (New) A system for radially expanding and plastically defbnming an expandable 

tubular member, comprising: 

means for mdldly expanding and plastically defomrilng the expandable 

tubular member using an expansion device; 
means for ir^jecting vibratory energy into at least ana of the expandable 

tubular memt)er and the expansion device; and 
n^eans for rotating the expansion device during the radial expansion and 

plastic defbmnatlon of the expandable tubular member. 
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136. (New) A system for radially e)q)andlng and plastically defoiming an expandable 

tubidar member, comprising: 

means for radially expanding and plastically defomilng the expandable 

tubular member using an expansion devioe; and 
means for injecting vibratory energy Into at least one of the expandable 

tubular member and the expansion device from a location within the 

radially expanded end plastically defomied portion of the expandable 

tubular member. 

137. (New) A system for radially expanding and plastically defbmiing an expandable 

tubular member, comprising: 

means for radially sanding and plastically defomilng the expandable 

tubular member using an expansion device; and 
means for injecfing vibratory energy Into at least one of the expandable 
tubular member and the expansion device from a locatim within the 
expansion device. 

138. (New) An apparatus for radially expanding and plastically defomning an expandable 

tubular member, comprising: 

an expansion device movable in the expandable tubular member for radially 
expanding and plastically defomning the expandable tubular member; 
and 

a vlbrafory device coupled to the expansion device for Imparting rotation to 
the e)qpanslon device. 



13d. (New) A method of radially e)q>anding and plasBcaily defomiing an expandable 
tubular member, comprising: 

radially expanding and plastically deforming the expandable tubular member 

using an expansion device; and 
injecting vibratofy energy into expansion device to impart rotation to the 
expansion device. 
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140. (New) A method of radially expanding and plastically deforndng an expandable 

tubular nnennber, oompr^ng: 

fBdially expanding and piasticaliy defonning the ecpandable tubular member using 

an expansion device; and 
Increasing the plastid^ and fanmabiltty of the ^cpandable tubular b^ore the radial 

expansion and plastic defomnation of the expandable tubular member. 

141 . (New) A system for radially expanding and plastically defomitfng an expandable 

tubular member, comprising: 

means for radially expanding and plastically deforming the expandable tubular 

mentfjer using an expansion device; and 
means for increasing the plasticity and fbmiability cX the expandable tubular before 

the radial expansion and plastic defionnatlon of the expandable tubular 

member 

142. (New) A method cS mdlally expanding and pbslically defonning an expandable 

tubular menrrf^er, comprising: 

radially expanding and plastically deforming the expandable tubular member using 

an expansion device; and 
increasing the plastidty and fbnmability of the expandable tubular during the radial 

expansion and plastic defomiatlon of the expandable tubular member. 



143. (New) A system for radially expanding and plastically defonning an expandable 

tubular member, comprising: 

means for radially e)qpanding and plastically defonning the expandable tubular 

member using an expansion device; and 
means for increasing the piastidfy and fonnabiilty of the expandable tubular during 

the radial expansion and plastic defonnafion of the expandable tubular 

member, 

144. (New) A method of radially expanding and plastically deforming an expandable 
tubular member, comprising: 

radially expanding and plastically deforming the expandable tubular member using 
an expansion device; 
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InjecBng vlbratoiy energy into one or more of the expansion device and ttis 

expandable tubular member, wherein the Injected vibratofy energy is provided 
in an initial plane, has an initial center frequency, and has an Initial amplitude; 
and 

during the radial expansion and piasGc defomiaticai of the expandable tubular 
member 

a) incrementing at least one of the plane, center frequenqr, and amplitude for 

the Injected vibratory energy; 

b) monitoring the amount of energy requfred to continue the radial expansion 

and plastic defonnation of the expandable tubular member; and 

c) repeating steps a) and b) until the completion of the radial expansion and 

plastic deformation of the expandable tubular member. 

145. (New) A system for radially expanding and plastically defonning an expandable 
tubular member, comprising: 

means for radially expanding and plasticafly defonning the expandable tubular 

member using an expansion device; 
means for Injecting vibratory energy Into one or more of the expansion device and 
the expandable tubular member, wherein the Injected vibratory energy Is 
provided tn an initiai plane, has an initial center frequency, and has an InltidI 
amplitude; and 

means for during the radial expansion and plastic defonnation of the expandable 
tubular member 

a) means for incrementii^ at least one of the plane, center frequency, and 

amplitude for the injeded vibratory energy; 

b) means for monitoring the amount of mergy required to continue the radial 

expansion and plastic defbmiation of ttie expandable tubular memben 
and 

c) means for repeating steps a) and b) until the completion of the radial 

expansion and plastic deformation of the expandable tubular member. 



146. (New) A method of radially expanding and plastically defonning an expandable 
tubular member, comprising: 
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radially expanding and plastically deforming the dependable tubular mennb^ using 

an expansion device; 
injecting vibratory energy into one or more of the expansion device and the 

expandable tubular member, wherein the injected vibratory energy Is provided 

In an Initial plane, has an Initial center frequency, and has an Initial amplitude; 

and 

during the radial expansion and plastic deformation of the expandable tubular 
mamt)er: 

a) Incrementing two or more of the plane, center frequency, and amplitude for 

the Injected vibratory energy; 

b) monitoring the amount of energy required to continue the radial expansion 

and plastic defonnatlon of the expandable tubular member; and 

c) repeating steps a) and b) until the completion of the radial expansion and 

plastic defomnation of the expandat>le tubular memt>er. 

147. (New) A system for radially expanding and plastically defomiing an expandable 
tubular member, comprising: 

means for radially expanding and plastically deforming the expandable tubular 

member using an expansion device; 
means for Injecting vibratory energy into one or more of the expansion device and 
the expandable tubular member, wherein the Injected vibratory energy is 
provided In an initial plane, has an inltia! center frequency, and has an initial 
amplitude; and 

means for during the radial expansion and plastic deformation of the expandable 
tubular memben 

a) means for Incramenjting two or mm of the plane, center frequency, and 

amplitude for the k^'eded vibratory energy; 

b) means for monitoring the amount of energy required to conHnue the radial 

expansion and plastic d^ormation of the expandable tubular memtser; 
and 

c) means for repeating steps a) and b) untO the corrtpletion of the radtel 

expansion and plastic deformation of the e^q^andable tubular member.^ 
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